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From the early 1970s to the mid-1980s, air-pollution in Japan, in particular SO2 concentration, was 
remarkably improved. This is resulted from responses to growing civil protests: governmental regulation 
policy, on the one hand, and innovation of abating technology and energy efficiency, on the other hand. 
In Southeast Asian large cities, air-pollution is in better situation, despite their rapid economic growth, 
than their Japanese counterpart as of the early 1970s. This is because their governments and firms took 
earlier initiatives, learning from experience in developed countries. 
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苅芠苩腂芵芩芵World Bank (1992)芪花苪苉鎖苄苍苜苩韡苆芵苄腁釥譃覘郵腩误里鍉苉苍 SPM腆
閂靖鞱蹱迳閨躿, SO2腆鏱蹟覻鞰覩腪苰軦苨迣芰芽苌苉蹮苜苨腁芻苌賣腁 Shafik(1994)腁 Selden and 
Song(1994), Grossman and Kruger (1995), Grossman (1995), Panayotou(1995)苈苇苅苠腁花苌
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貎)芪 0.002ppm苉野芵腁跅趂苌貎(8貎苆 9 貎)苍 0.008ppm 苆 4 鑻苉苠苈苩腂芿苈苝苉鎯芶鑎苌
NOx 苅苍腁跅鋡苌貎(1貎)苍 0.005ppm 苉野芵腁跅趂苌貎(7貎)苍雱 19 鑻苌 0.093ppm苉苠苈苩
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苌賣苠 Environment and Development Economics, Vol.2, 1997 苢 Ecological Econoimcs, Vol. 
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芻苪芩苧釦蹏苌譞離苍腁SO2  腁CO2 苈苇苰袵芤迪趇苉腁诳譃銆鑚鍸苆鑲软韊苌鏠苅苇芿苧芪
苦苨遍鞊苅芫苩荦腛荞苆芢芦苩芩苅芠苩腂酏軒苍銼郚苉醪鋨苅芫苩苌苅苦苨邳詭苅芠苩苌苉野芵腁
賣軒苍銼郚苌諏醪苅苍苈芭腁鑒鞿迁铯韊苢鑒鞿芲苆苌鞰覩諜靌韊苰芢芭苂苠郏轤苋苄還鋨芵苄芢
苩苌苅腁遍鞊邫芪鋡芢苆芢苭苪苩腂8 Shafik(1994)  苢 Grossman and Krueger (1995)腁苍覘




















                                                 
8  Kaufmann et al (1998), p. 210腂 
9  Kaufmann et al (1998), pp. 218-9腂苜芽Selden and Song(1994)苠腁遬賻隧鍸芪釥芫芢苙苇釥
譃覘郵閨躿苌鑲软芪辬芳芭苈苩苆芢芤貋觊苰鎱芢苄芢苩腂   5
  苜芸苍遽艐腠3 芩苧釥譃覘郵苆辊鎾邅辀苆苌論豗苰詭鑆芵苦芤腂轣躲苉釥譃覘郵苌荦腛荞苆芵






閨躿苍镋芸芵苠鎯裪苅苍苈芢腂芽苆芦苎鏺陻苅苍腁1972 鑎裈鞈腁鞱象 10 荾荎莍莓裈覺苌 SPM
腩閂靖鞱蹱迳閨躿腁貵隧苉芢芤苆 PM10腪苰醪鋨芵苄芢苩腂花苌鍟苅苍荽莌腛荖荁苢荖莓荋荼腛
莋苠鎯芶苅芠苩芪腁荞荃苅苍 TSP苆 PM10 苌鞼闻苰蹷镗苉芵苄諂讫諮辀苰郝鋨芵苄芢苩腂苜芽
荃莓荨荬荖荁苅苍腁酓趑鍉苉苍 TSP 苌諂讫諮辀苰郝芯苄芢苩芾芯苅芠苩芪腁荗莃荊莋荞鏁闊蹳
苅苍腁TSP苌醼苉 SPM苌諮辀鉬苠鉵芢苄芢苩腂 
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鏺陻   
  鏺陻苌釥譃覘郵迳讵苍腁1970 鑎釣辉鎪芩苧 90 鑎釣钼苎苜苅苌還裚苰腁詥遽苌郜苪郼荏莉荴苅
镜躦芵苄芢苩腂SO2苌覘郵芪譽貃苉觼酐芷苩苌苍腁1970 鑎芩苧 1988 鑎苌諔苅腁雱 126菊g/m3
芩苧 30菊芇/m3诟芭苉苜苅覺鞎芵芽腂花苌諔苉 1 遬鎖苨 GDP 苍 3200 荨莋芩苧 15300 荨莋苉迣  6
辸芵芽腂苆花苫芪腁1988 鑎裈赾苍辊鎾邅辀芪迣辸芵醱芯芽苉苠芩芩苭苧芸腁釥譃銆苌鑚鍸苍苙
苆英苇闏苭苧苈芢花苆芪苠芤裪苂苌鏁銥苅芠苩腂芻苌裪闻苅 NO2苍 1970 鑎釣辉鎪芩苧 80 鑎釣
苉芩芯苄雱 60菊芇/m3芩苧 100菊芇/m3苉醝芦腁苜芽 75菊芇/m3诟芭苉覺鞎芷苩苆芢芤裪苂苌鑧
芪苝苧苪苩芪腁芻苌賣苍苜芽 100菊芇/m3苉醝芦芽苜苜苅苙苆英苇闏苭苧苈芩苁芽苆芢苁苄苦芢
芾苫芤腂10SPM 苉論芵苄苍腁1970 鑎辉鎪苉苍苜芾諏醪芳苪苄芢苈芢芪腁1974 鑎芩苧 80 鑎苉芩







鎌荁荗荁辔趑   
  躟苉鎯芶遽艐腠艒芩苧腁鎌荁荗荁辔趑腩遽苌膡裳腪苆鏺陻苆苰野铤芷苩苆腁SO2 苅苍腁諘趑苰
辜芢苄荴荂莊荳莓腁荞荃腁荽莌腛荖荁腁荃莓荨荬荖荁腁銆趑芪鏺陻苆鎯裪苌鑲软韊苰苦苨鋡芢辊




鑎苌鏺陻苌 2腼3 鑻苠芠苩苌苅腁铤該苉苈苧苈芢苙苇迳讵苍苦芭苈芢腂 
 NOx 苆 TSP 苌钭邶韊苌諔苉苍腁譴醊論苌論豗芪芠苩苆芢苭苪苩腂芷苈苭芿腁躩鎮軔荇莓荗莓
苌賸鞦苰迣芰苩苆腁诳譃銆苌銂酦苰蹟覻芵芽 NOx 芪钭邶芵苢芷芢苌苉野芵腁鋡賸鞦苅苍譴苉
TSP 芪醽芭鑲软芳苪苩苌苅芠苩腂11芵芽芪苁苄荁荗荁苌辔趑苅 TSP 苌邔鉬芪醽芢苌苍腁躩鎮軔
荇莓荗莓苌邫鑜芪鋡芢花苆苉隧郚苉論顁芵苄芢苩苆赬芦苄苦芢芾苫芤腂 
  苞苫英 TSP苌钭邶貹苍躩鎮軔苆苍賀苧苈芢腂鋊觝諫譀芪譎苩苜苅镳鎮蹙荵腛莀苉閦芢芽药莓荒
荎苈苇苅苍腁貚郝費迪苠靌韍苈钭邶貹苅芠苁芽芩苠芵苪苈芢腂芵芩芵赈识鉮金芩苧醽辭苆苠鞣苪
芽釥鍳蹳苌迪趇苉苍腁躩鎮軔苌譹苚芷閉觗芪醊野鍉苉釥芫芢苅芠苫芤腂荽莌腛荖荁苅苍腁鍳蹳苆
鉮闻苅苍 TSP苌钭邶貹芪裙苈苨腁鍳蹳苅苍荦荂腛荛莋軔芪雱 3 閪苌艐苰部苟苩苌苉腁鉮闻苅苍
雘苌鑒迄芪譴苉雱 3 閪苌艐苌铤鞦苰部苟苩腂 12裪閔苌趑苅苍腁NO2苌邔鉬芪鎯芶辊鎾邅辀苌躞鍟
                                                 
10  芽芾芵諂讫銡釥譃闛酓诇腁腵閽邬 10 鑎鍸釥譃覘郵迳讵苉苂芢苄腶腁腩閽邬 11 鑎 10 貎腪苌裪铊
諂讫釥譃醪鋨诇苌荦腛荞苉苦苩苆腁NO2鑚鍸苍 1971 鑎苌鑎閽诏 0.044ppm腩90菊芇/m3腪芩苧
77 鑎苌 0.019ppm(39菊芇/m3)苜苅芩苈苨貸辭芵腁芻苌賣苍苙苆英苇闏苭苁苄芢苈芢腂花苌荦腛
荞苍腁SO2苆躗芽豘購苰躦芵苄芢苩苆芢苁苄苠苦芢芪腁1971 鑎苌 36 芩苧 77 鑎苌 891 苜苅譽醝
芵芽諏醪鉮鍟苌鑎閽诏鉬苈苌苅腁邳詭芳苉貇芯苩腂芻花苅遽艑苅苍腁腵鋨鍟諏醪腶芩苧鎱芩苪芽
貋觊苰躦芵芽腂 
11  趑跛讦韍询赳腁閷芫軦苨銲趸 2000 鑎 11 貎 10 鏺腂 
12  Malaysian Environmental Quality Report 1993, p.9腂   7
苌鏺陻苦苨辭芢花苆苠腁荇莓荗莓苌賸鞦芪鋡芢花苆苆邮趇鍉苅芠苩腂芷苈苭芿 TSP 苆 NOx 苉
販苧苪苩鏁銥苍腁芢芸苪苠鎯芶貴裶芩苧郠难苅芫苩苌苅芠苩腂 
 
















賅鋨钭邶貹苍釦鏱躟蹙识苌铤轤 IS (GDP 苉野芷苩镴见覿鉬赜邬铤)苅腁裚鎮钭邶貹苍躩鎮軔苌
1000 遬鎖苨闛靌釤邔 MV 苅腁芻苪芼苪釣镜芳芹苩腂芳苧苉荇荬莋荍腛賸鞦 EF腩荇荬莋荍腛迁
铯韊裪鉐裊鎖苨苌 GDP腪腁鍳蹳覻鞦 UP腩100 障遬裈迣苌鍳蹳遬賻苌腁酓遬賻苉野芷苩荖荆荁腪
苈苇苌荦腛荞苰酉英芾腂IS腁MV腁UP 苈苇苍邔鉬芪釥芫芭苈苪苎腁覘郵閨躿苠醝芦苩苆芢芤邳
苌論豗芪芠苨腁EF 苍譴苉閉苌論豗苉苈苩苆靜酺芳苪苩腂芻苌醼苉腁EKC 苌譣顟苉苠芠苩苦芤
苉辊鎾 Y 腩裪遬鎖芽苨 GDP腁ppp 镜躦腪苰见芦苄郦適辔趑腁鍲迣趑苰趇苭芹芽荎莍荘荚荎荖莇
莓苌觱譁閪郍苰赳芤腂芻苌闻鋶躮苍裈覺苌苦芤苉苈苩腂 
 
  P膁a腻bY腻c艸2+芄EF腻芅IS腻fMV腻gUP ---------- 腩艐腪  
 
  趶闓苌 P 苍釥譃覘郵苌蹷镗苅芠苨腁IS 苍腁邻醢识苌苙芩苉赺识腁貚郝识腁鍤譃腁荋荘腁邅鎹苰
諜苟芽鉬腁MV 苍躩鎮蹬韖軔苌苙芩苉腁钭鍗鍲迣趑苅釥芫苈誄趇苰部苟苩鏱韖軔苰见芦芽邔鉬苅
芠苩腂荖荆荁苰镜苭芷 IS腁UP 苰辜芢苄腁醼苌闏邔苍野邔苅镜躦芵芽腂 
  苜芸遽艐腼艒苌諮苉苈苁芽荦腛荞苰蹧苁苄腁趶闓苉 SO2 腁NO2腁SPM 詥腘苌釥譃銆鑚鍸苰鉵
芢苄觱譁閪郍芵苄苝苩苆腁蹣鑏苈芪苧腁苙苆英苇裓隡苌芠苩貋觊苍软苈芩苁芽腩芻苌镜躦苍迈鞪腪腂
芻花苅镜艐苍腁郠难闏邔苰辊鎾 Y 苌 1 躟苆 2 躟苌鉬芾芯苉芵芽豶蹚苌貋觊苰镜躦芵芽腂EKC苌
譣顟苉芠苩苦芤苉腁辊鎾苌 2 躟苌豗邔芪荽荃荩荘苅腁芩苂靌裓邫芪轜閪趂芢苌苍 SPM苌苝苅芠  8




苌邧雱芩苧 1980 鑎苌 SO2鑲软韊苰跌靰芷苩芵芩苈芩苁芽腂芻苌貋觊芪镜艑苅芠苩腂苜芸腁芷苗
苄苌闏邔苰諜英芾躮苅苝苩苆腁釥譃銆鑚鍸苰袵苁芽迪趇苆鎯芶苦芤苉腁苇苌闏邔苉苠轜閪苈靌裓








苍 SO2鑲软韊苰苆苨腁襅闓苌闏邔苍 Y 苌裪躟腁鏱躟邔鉬芾芯苈苌苅腁軨陀苍镜 2 苉苠苁苆苠诟
芭腁裪閔苌貋觊苍韞躗芵苄芢苩腂Shafik(1994)苍腁SO2腁SPM 苌釥譃銆鑚鍸苰苆苁苄芢苩芪腁
荦腛荞苍荞荃莀荖莊腛荙腅荎莍荘荚荎荖莇莓苅芠苨腁荦腛荞邔芪镜 1 苦苨苠苍苩芩苉醽芢腂花











鎯芶 1967 鑎苉腵賶詑野跴諮陻陀腶芪邧鋨芳苪腁68 鑎苉腵釥譃覘郵陨蹾陀腶腁 1969 鑎苉鎌讞鍳
苌賶詑陨蹾述韡腁70 鑎苉苍腵邅躿覘釷陨蹾陀腶苈苇芪醊躟芢苅邧鋨芳苪芽腂芻芵苄諂讫野跴苌















 SO芘野跴苍腁1962 鑎苌腵钁覌苌鑲软譋邧鎙苉論芷苩陀鞥腶腁 68 鑎苌腵釥譃覘郵陨蹾陀腶苰趪









  躩鎮軔苌鑲荋荘譋邧苉論芵苄苍腁荁莁莊荊苌荽荘荌腛陀腩1970 鑎腪芪鎖躞苆芵苄苍跅苠貵芵芢
鑲荋荘諮辀苰郝芯芽苌苅腁鏺陻苅苠花苌荽荘荌腛陀苉苈苧苁苄 1973 鑎鍸腵鑲荋荘譋邧諮辀腶苰
鋨苟芽腂芳苧苉 1975 鑎鍸譋邧鉬苅苍腁CO 苢 HC 苌鑲软韊苰 73 鑎譋邧鉬苌雱 10 閪苌 1 苖腁
NO芘苍雱钼閪苉郘苨覺芰苩酛鉵芪苆苧苪芽腂 NO芘苰辜芢苄腁花苌譋邧鉬芪軀苉 2000 鑎苜苅醶
醱芵芽苌苅芠苩腂NO芘苍 1976腁78 鑎苉醊躟芢苅諮辀鉬芪郘苨覺芰苧苪腁78 鑎苌諮辀鉬苍 75
鑎苌 3 閪苌 1 苉苈苁芽腂14苜芽鏺陻苍邢詅苌銆苅苠靌覔荋荜莊莓野跴苉跅苠醁芭芩苧軦苨酧苝腁
1975 鑎芩苧莌荍莅莉腛荋荜莊莓苌隳覔覻芪軀蹻芳苪芽腂芵芩芵腁77 鑎苜苅靌覔荋荜莊莓苌铌钄
芪鑆苟苧苪苄芢芽腂 
  躛邼(1994)苉苦苩苆腁 1978 鑎苉苍赜醢镳讵识軭野跴苆芵苄腁 NO芘諂讫諮辀苌諉顡芪芠苁芽15苦
芤苉腁郎電諫譀賣苌躞諺苍諂讫野跴苌腵賣釞諺腶苅芠苁芽腂苜芽 1987 鑎苉苍腁蹬鏺蹳賶詑钻貈
苰軳芯苄 1973 鑎苉邧鋨芳苪芽腵賶詑貒赎铭詑闢辞陀腶苉苦苩闢辞芪腁釥譃覘郵铭詑軒苉野芵苄
                                                 
13  躛银(1994)腁鎌讞鍤韍(1983)腂苜芽賶詑野跴苉論芷苩裈覺苌譌轱苍腁躛邼腩1994腪腁轈蹒腅遁
鍣(1994)苈苇苰趇苭芹苄蹑迆芵芽腂 
14  镬襑(2000)腂 
15  1973 鑎苉邧鋨芳苪芽NO2苌諂讫諮辀苅苍腵1 躞諔苌 1 鏺閽诏鉬芪 0.02ppm腶苆芳苪苄芢芽
芪腁78 鑎苉腵0.04 芩苧 0.06ppm苌荝腛莓鏠苉腁苜芽苍芻苪裈覺腶苉觼邳芳苪芽腂轈蹒腅遁鍣















苍 1970 鑎釣苌酏钼苅芠苨16腁躞諺鍉苉苝苄苠腁SO2  苌跭貸苉裪鋨苌賸觊芪芠苁芽花苆苍諔裡芢
苈芢芾苫芤腂 















1980 鑎釣钼苎苜苅苌諺諔苅腁SO芘苌鑲软苰貸辭芳芹芽釦 1 裊苌靶裶苍迈荇荬苌適鍗苅芠苨腁2
裊芪鉅鞰鑜韍苌購迣腁3 裊芪鑒鞿苌鍝誷苅芠苁芽18苆芳苪苩苌苠腁花芤芵芽鑷豩芪芠苁芽芩苧苅
                                                 
16  迚芵芭苍腁躛银(1994)苰蹑迆苌花苆腂 
17  躛银(1994)腂 







辊苅苍 LNG 芪醽芭蹧苭苪苩苦芤苉苈苁芽腂 




















EM膁a+b Y+cY2腻dEF+eIS      ---------------† 腩艑腪 
††  





                                                                                                                                               
讒芪躦芳苪苄芢苈芢腂 
19  鎌讞鍤韍腁閷芫軦苨銲趸 2000 鑎 11 貎 17鏺腂   12
醢苌豗邔苍鏺陻腁荞荃苰辜芢苄荶莉荘苅芠苨腁荃莓荨荬荖荁腁荽莌腛荖荁苅苍靌裓邫芪趂芢腂辊
鎾苆苌論豗苉苂芢苄苝苩苆腁艑躟苌豗邔芪荽荃荩荘苅芩苂靌裓邫芪趂芢苆芢芤韡苍腁荖莓荋荼腛











蹙识赜醢苌闏覻   
酏郟苅苝芽苦芤苉腁鏺陻苉芨芯苩釥譃覘郵苌觼酐苍腁陀邮铵苢陨蹾譚轰苌钭鍗苉苦苩苆苝苧苪
苩芪腁醼闻苅蹙识赜醢苌闏覻苍苇苌苦芤苉論豗芵苄芢芽苌芾苫芤芩腂SO2 鑚鍸芪 4 閪苌 1 苉苜
苅譽醬苉鋡覺芵芽 1970 鑎芩苧 1988 鑎苌諔苉腁釦鏱躟蹙识苌 GDP 苉部苟苩铤轤苍雱 47%芩苧
41%苉鋡覺芵芽20腂花苌苦芤苉 6%荼荃莓荧鋶鍸苌闏覻芾芯苅苍腁SO2 鑚鍸苌譽醬苈鋡覺苰郠难
芷苩苌苍隳鞝苅芠苫芤腂鎌鏬荁荗荁辔趑苅釦 2 躟蹙识芪 GDP 苉部苟苩铤鞦苍腁1995 鑎苉荞荃




鑎苉 36%苅芠苨腁1980 鑎釣钼苎苅苍苙苚 30%苉覺苁苄芢芽腂1995 鑎苌鉬芪鏺陻苌 1970 鑎苉
苢苢诟芢苌苍荽莌腛荖荁苌 33%苅芠苩芪腁荞荃苌 28%腁荖莓荋荼腛莋苌 25%腁荃莓荨荬荖荁苌
24%腁芻芵苄荴荂莊荳莓苌 23%苉芵苄苠腁芢芸苪苠芩苈苨鋡芭腁苞芵苫鏺陻苌 1990 鑎釣苉诟芢腂
芵芽芪苁苄腁釦 2 躟蹙识苉芵苫邻醢识苉芵苫腁镴见覿鉬赜邬铤苅蹙识赜醢苌闏覻苰芠苧苭芷苆腁
荁荗荁辔趑苌 SO艑覘郵芪 1970 鑎釣苌鏺陻苦苨苠觼酐芵苄芢苩迳讵苍隵辂芵苈芢花苆苉苈苩腂 





                                                 
20  釦 2 躟蹙识苍腁邻醢识苌醼苉赺识腁貚郝识腁鍤譃腁荋荘腁邅鎹苰见芦芽腂 豯跏諩触銡闒腷豯
跏靶鞗腸苉苦苩腂 
21  遽 1-3 苆鎯芶躑鞿苉苦苩腂   13
 
















苉芵苄苠芳苙苇醻遆苍苈芢腂芵芩苠 1 遬鎖苨苌 SO2鑲软韊苰苝苄苠腁荖莓荋荼腛莋苌诉鉛苉趂
芢邔鉬苰闊苉芵苄腁鏺陻苌 1975 鑎苉铤苗苄腁芢芸苪苠辬芳芭苈苁苄芢苩腂1990 鑎苌鏺陻苌鑲
软鉬苆野铤芳芹苄苠腁苦苨釥芫芢苌苍腁荖莓荋荼腛莋苌醼苉釤顰腁諘趑苌苝苅芠苩腂 
花苌苦芤苉腁鎌荁荗荁苌辔趑苍腁裪閔苌辔趑苰辜芢苄腁1970 鑎钼苎苌鏺陻苦苨苠荇荬莋荍腛













                                                 
22  趑跛讦韍询赳腁鎌讞鍤韍苅苌銲趸苉苦苩腂 






















荃莓荨荬荖荁苰辜芢苄腁芢芸苪苌趑苠 EU 諮辀腩 EURO1腪苌躩鎮軔鑲荋荘譋邧鉬腩 CO腃 HC腃 
NOx腪苰鎱鏼芵苄芢苩腂镜艕苉苦苩苆腁荋荜莊莓軔芪鏺陻苌 1973 鑎譋邧鉬苦苨芩苈苨貵芵芭腁





裪铊苉鍲迣趑苅苍野跴芪鉸苪芪芿苉苈苩腂迣詃苅苍 1997 鑎芩苧腁荞荃苍 1990 鑎芩苧荽莌腛荖





                                                 
24  Vincent(1997), p.421腂 







芽苆芦苎 1999 鑎苌迣詃苅苍腁SO2鑲软貹苌 46%芪钭鍤辊苅芠苨腁芻苌醼苌蹙识芪 31%腁视豶







  鎌鏬荁荗荁辔趑苉芨芢苄諂讫赳邭苰鉓鎖芷苩誯銡苌郝鉵苍腁 1970 鑎釣苉轗銆芵腁鏺陻苆苙苆英
苇闏苭苧苈芢躞諺苅芠苁芽腂芻苌銆苅韡詏鍉苉醁芢苌苍腁1964 鑎苉郝鞧苌荴荂莊荳莓苌趑视邅
躿釥譃覘郵譋邧裏裵觯苅芠苩芪腁荃莓荨荬荖荁苌趑视諂讫裏裵觯苍 1972 鑎腩詊钭諂讫迈苖苌觼
酧苍 1978 鑎腪腁芻芵苄荖莓荋荼腛莋苅苠鎯芶 1972 鑎苉諂讫迈芪郝鞧芳苪芽腂荽莌腛荖荁苅苍腁
览詷譚轰諂讫迈芪 1974 鑎腁荞荃苅苍 1975 鑎苉趑视諂讫裏裵觯芪芻苪芼苪郝鞧芳苪芽腂釥譃覘
郵苌諄躋里邧苅苠腁荴荂莊荳莓芪铤該鍉醁芭腁荽荪莉苅 1970腁71 鑎芩苧軀蹻芳苪苄芢芽芪腁荖
莓荋荼腛莋苅苠釥譃覘郵陨蹾陀苉苦苩諄躋芪 1971 鑎芩苧蹮苜苁苄芢芽腂花苪苉野芵苄醼苌辔趑
苍苢苢鉸芭腁荃莓荨荬荖荁苍 1976 鑎芩苧腁荽莌腛荖荁苆荞荃苍 1977 鑎苉蹮苜苁苄芢苩腂28 
花苌苦芤苉腁鎌鏬荁荗荁辔趑苅苍豯跏芪譽醬苉钭鍗芷苩 1980 鑎釣腁90 鑎釣苦苨苠芩苈苨醁
芢躞諺芩苧腁諂讫誯銡芪郝鉵芳苪芽苨腁釥譃覘郵苌諄躋芪蹮苟苧苪芽苨芵苄芢苩花苆苍銍雚苉鉬
芷苩腂苆苍芢芦腁釥譃覘郵醪鋨諭苌郝鉵邔苢腁芻苌軨鎮閪郍芩苧顁醱閪郍(躩鎮醪鋨)苖苌裚赳躞












































                                                 
30  Anti-Air Pollution and Environmental Protection Foundation腁閷芫軦苨銲趸腁2001
鑎 3 貎 8 鏺腂 
31  遖鏺陻邻鍓腁閷芫軦苨銲趸腁2000 鑎 5 貎 26 鏺腁裤醺腅辟貴(1995)腁pp.191-3腂 
















覘郵貹芪鍲迣趑苉裚鍝芷苩花苆苍芠苩芩苆芢芤譞離芪邶芶苩腂 Suri and Chapman (1998)苍腁譽
醬苉赈识覻芷苩鍲迣趑苅苍腁赈识邻镩苌靁软芪趂芢荇荬莋荍腛迁铯苆貋苑苂芭豘購芪芠苩苆芵芽腂
鎌荁荗荁辔趑芪花苌韡苉芠苄苍苜苩花苆苍諔裡芢苈芢腂靁软裋醶豞苌赈识覻苍諂讫覘郵貹苰鍲迣
















                                                 


















   
                                                 




釦 1 镜† 1995鑎 釥譃覘郵閨躿苌靶裶閪郍 
 
铭郠难闏邔††† SO2††††† NO2†††† TSP 
††††† 豗邔† t 鉬†   豗邔† t鉬†   豗邔†  t鉬 
鋨邔趀††† 㤮㘹† 〮㘵⤠†††㌮㐱†† 〮㌳⤠†† ㄴ⸸〠† ㄮ㐰  
Y††††† 3.37    (1.01)         1.77      (0.76)        5.04     (2.09)** 
Y
艑†                        〮㈱†† ㄮㄶ⤠†† 〮ㄱ†† 〮㠲⤠†† 〮㌲†† ㈮㌷ ** 
荔莓荶莋邔†† 42                    38                    42 
           0.23             †  0.53E-0.2            0.49 
 
躑鞿腆World Bank, World Development Indicators, CD-ROM铅腁詥鑎趆腂 
銐腆*10%邅辀苅靌裓腁**5%邅辀苅靌裓腂 
 
釦 2 镜† 1980鑎 SO2鑲软韊苌靶裶閪郍腩荎莍荘荚荎荖莇莓腪 
 
酓邢詅 




Y                9.58       (2.10)
‪         8.97      (3.95)
‪⨪ 
Y2                〮㔲††† ㄮ㠴 †††† 〮 㘠†† ㌮㌴
‪⨪ 
EF†††    〮㐰       ( 0.62) 
IS               ‰⸰㐠††  ㄮㄵ 
MV              0.32      ( 0.58) 
UP              0.02       (1.19) 
荔莓荶莋邔         23                      49 
††† 0.77                     0.71†††††††  
 
†††    郦適辔趑  ††   鍲迣趑† (1)†   鍲迣趑† (2) 
††† 豗邔†† t 鉬†† 豗邔† t鉬†   豗邔†   t鉬 
鋨邔趀† ㄵ〵⸷†† ㄮ㐴 ††† ㌹⸷㐠†† ㈮㐲
⨪†† ㌴⸷㌠†† ㈮㌷
‪ 
Y          313.56     (1.44)
‪         9.01 † (2.11)
‪       8.55      (2.08)
‪ 




荔莓荶莋邔    17                       32                   28 
† 0.56E-2                   0.66                  0.65 
 
   20
躑鞿腆World Bank, World Development Indicators, CD-ROM 铅腁詥鑎趆腂SO2鑲软韊苍腁
ASL and  Associates,  Global Sulfur Emissions Database, http://www.asl-associates. 
com/sulfur.htm腂 
銐腆郦適辔趑苆鍲迣趑(1)苍腁1 遬鎖苨 GDP 芪裪障荨莋裈迣苆裈覺苅详閪芵芽腂鍲迣趑(2)
苍鍲迣趑(1)芩苧鎌覢辔趑苰辜芢芽腂 *10%邅辀苅靌裓腁 **5%邅辀苅靌裓腁 ***1%邅辀苅靌裓腂   21
2 R
2 R
釦艒镜† 鎌荁荗荁辔趑 SO2鑲软韊腩躞豮韱 1970 鑎釣辉鎪腼1992鑎腪苌靶裶閪郍 
††  
††   鏺陻†† 銆趑†† 諘趑†† 釤顰†† 荖莓荋荼腛莋 
鋨邔趀 † ㄹ⸱〠††††ㄵ⸸㔠††† ㈱⸵㠠†††† ㌲⸰㐠††† ㄰㠮㐱  
           ( 〮㐴        (0.51)         ( ㄮ㐹 )         ( 1.80)
‪        ( ㈮㐱
⨪ 
Y          3.76           㜮㐴            3.60           5.72          23.97 
           (0.40)         ㄮ〷⤠††††⠱⸰㌩†††††⠱⸳㜩†††††⠲⸳㘩
‪ 
Y2         〮㈰†††††〮㘴†††††〮ㄸ††††† 〮㈸††††† ㄮ㌵
†††    ( 〮㌹         (1.22)         ( 〮㠶⤠†††† ㄮㄴ⤠†††† ㈮㌹
‪ 
EF         ㄮ㜶††† †† 〮㈹†††† 〮㜹††††† 〮㌹††††† 〮㔹
†††††㐮㠷
⨪ †††〮㘸⤠†††† ㄮ㘷⤠††† ㄮ〶⤠†††† ㄮ〵 
IS          ㄮ㠱†††††ㄮ〶†††††′⸲㈠††††‰⸰㔠†††††㈮㘳
†††††ㄮ㐵⤠††††⠱⸳㘩†††† ㄮㄹ ⤠††††⠱⸶㘩††††† ㄮ㈹
荔莓荶莋邔  21            18             20            19              18 
†    0.86          0.94           0.95          0.92            0.22 
 
 
         † 荞荃† 荃莓荨荬荖荁† 荽莌腛荖荁† 荴荂莊荳莓† 鎌荁荗荁 
鋨邔趀†    9.94†††† ㄷ⸹ㄠ††† 㠴⸰㤠†††ㄸㄮ㜵††††㐱⸹  
             (0.20)        ( 0.65)        ( ㈮㤰
‪††† 〮㌲⤠††† 㔮㐴
‪⨪ 
Y            㔮㠹           2.63          42.72           51.66        8.45 
            ( 〮㐷         (0.33)         (2.74)
‪        (  0.34)       (4.35)
‪⨪ 
Y2            0.52          〮ㄵ†††† ㈮㘰†††††″⸴㐠††††〮㐲
†††      (0.66)        ( 〮㈶⤠††† ㈮㜱
‪†††† 〮㌳⤠††† ㌮㘰
‪⨪ 









荔莓荶莋邔    18            18            18             18           168 
†     0.90           0.90         ( 0.57)           0.36          0.68 
 
躑鞿腆SO2鑲软韊苍腁镜艐苆鎯芶腂芻苌醼苍 ADB, Key Indicators of Developing Asian and 
Pacific Countries腂IEA/OECD,  Energy Balances of OECD Countries,  Energy 




ㄹ㜰 ㄹ㜵 㠰 㤰 㤵 ㄹ㜵 㠰 㤰 㤵
鏺陻 ㌶ ㌰⸲ ㈹⸲ ㈸⸲ ㈴⸹ ㈮ ㈮㤷 ㌮㔵 ㌮㤶
銆趑 ⁮⹡⸪ 㐶 㐸⸹ ㌷ 㐲⸳ 〮㔳 〮 〮㜵 〮㠸
諘趑 ㈰⸹ ㈶ ㈹⸷ ㈸⸸ ㈹⸴ 〮㘷 ㄮ〸 ㈮ㄳ ㌮㈹
釤顰 渮愮 ㌰⸹ ㌶ ㌳⸳ ㈸⸱ 〮㤴 ㄮ㔸 ㈮㌶ ㌮〶
荃莓荨荬荖荁 㤮 㠮 ㄱ⸶ ㈰⸷ ㈴⸱ 〮㌳ 〮 〮㔵 〮㘱
荞荃 ㄶ ㄸ ㈱⸵ ㈷⸲ ㈸⸲ 〮㐴 〮㐹 〮㜸 ㄮ〹
荴荂莊荳莓 ㈲⸶ ㈴⸹ ㈵⸷ ㈴⸸ ㈳ 〮 〮㐴 〮㐵 〮㐹
荽莌腛荖荁 渮愮 ㄶ⸴ ㄹ⸶ ㈶⸹ ㌳⸱ 〮㘱 〮㠱 ㄮ㈳ ㄮ㠶
荖莓荋荼腛莋 ㈰⸴ ㈴⸱ ㈹⸱ ㈷⸲ ㈵ ㈮〴 ㈮㘵 㐮㤴 㜮ㄹ
荇荬莋荍腛賸鞦⢒傈쪏솔ꂂ붂챇䑐荨莋镜躦腪 艐遬鎖芽苨协 鑲软韊腩芋芇腪
ㄹ㜵 㠰 㤰 㤵 ㄹ㜵 㠰 㤰
鏺陻 㐮〰 㐮㔵 㔮㈶ 㔮〰 ㄷ⸴ ㄷ⸱ ㄲ⸸
銆趑 ㄮㄸ ㄮ㌰ ㈮ㄳ ㌮〳 㜮 㠮 ㄲ⸵
諘趑 㐮㌵ ㌮㔷 ㌮㠵 ㌮㐵 㘮 ㄰⸱ ㄳ⸵
釤顰 㐮㔵 㐮ㄷ 㔮〰 㔮㈶ ㄲ⸲ ㄵ⸳
荃莓荨荬荖荁 ㌮㠵 㐮ㄷ 㐮㜶 㐮㌵ 〮 〮 ㄮ
荞荃 㐮㔵 㔮㈶ 㔮㠸 㔮㠸 ㄮ ㄮ 㐮
荴荂莊荳莓 㔮〰 㔮㔶 㐮㜶 㐮㌵ 㔮 㔮
荽莌腛荖荁 㔮㈶ 㔮㔶 㐮㜶 㐮㌵ ㄮ ㌮ ㌮






荇荬莋荍腛貹 郎鉙 郎電 荋荘 貴蹱韍 邅韍 趇豶 郎鉙 郎電 荋荘 貴蹱韍 邅韍 趇豶
鏺陻 㠮 㜳⸲ ㈮ ㈮ ㄴ⸴ 㐵㘬㌸ ㄸ⸲ ㈱⸰ ㈰⸲ ㌰⸲ 㠮 ㄬ〰〬㐳
銆趑 㘱⸵ ㄵ⸷ ㈲⸸ ㄶ㘬㠰 㜵⸸ 㔮 〮 ㄮ ㄷ⸴ ㄬ〸〬〱
諘趑 㤮 㠲⸳ 㠮 ㄴⰸ㈵ ㌵⸲ ㄸ⸵ ㄲ⸱ ㌳⸱ ㄮ ㈲㌬㔹
釤顰 㘮 㜶⸷ ㄶ⸴ ㈰ⰷ㌵ 㐲⸱ ㈱⸴ 㐮 ㈶⸱ 㘮 ㄴ㐬㤳
荃莓荨荬荖荁 㔵⸸ 㐴⸲ ㌬㘲 ㈴⸳ ㄷ⸷ 㐲⸳ ㄲ⸲ 㘶ⰷ〶
荞荃 ㌮ 㘹⸵ ㈷⸰ 㘬㤷 ㈰⸰ ㈹⸳ 㐲⸰ 㠮 㠷ⰴ㘷
荴荂莊荳莓 〮 㠵⸷ ㄴ⸲ ㄳⰱ㠶 ㄳ⸲ 㐹⸶ 〮 ㄹ⸳ ㌶ⰶ㘳
荽莌腛荖荁 㜶⸶ ㈳⸴ 㐬㜸 ㌮ ㌲⸰ 㔴⸲ ㄰⸱ 㔱ⰳ㠲





釦艕镜 荁荚荁莓 4 趑苌躩鎮軔鑲荋荘譋邧 
 
荋荜莊莓迦靰軔 
      CO       HC+NO芘 
荞荃      2.2g/km   0.5g/km     1999 鑎 1 貎芩苧 
荴荂莊荳莓     2.72g/km  0.97g/km    2000 鑎 1 貎芩苧 
荃莓荨荬荖荁    鏁苉苈芵   鏁苉苈芵 
荽莌腛荖荁    2.2g/km   0.5g/km     2000 鑎 1 貎芩苧 
 
鏺陻 (1973 鑎譋邧腁芻苪裈酏苍苈芵) 
  CO  26.0g/km  HC   3.8g/km    NOx  3.0g/km, 
       芵芽芪苁苄  HC+NOx    6.8g/km 苆苈苩腂 
鏺陻腩1975 鑎譋邧腪 
†† CO    2.7g/km   HC   0.39g/km     NOx   1.60g/km 
              芵芽芪苁苄 HC+NOx 苍    1.99g/km 苆苈苩腂 
荦荂腛荛莋迦靰軔 
      CO         HC+NOx 
荞荃      1.0g/km     0.7g/km     1999 鑎 1 貎芩苧 
荴荂莊荳莓    2.72g/km    0.97g/km    2000 鑎 1 貎芩苧 
荃莓荨荬荖荁    鏁苉苈芵    鏁苉苈芵 
荽莌腛荖荁    2.72g/km     0.97g/km    2000 鑎 1 貎芩苧 
 
鏺陻 (1986 鑎譋邧腁芻苪裈酏苍铤該镳鑜) 
   CO   2.7g/km    HC   0.62g/km    NOx   0.98g/km, 
        芵芽芪苁苄  HC+NOx   1.6g/km 苆苈苩腂 
 




賰鋊 蹙识 钭鍤 貚郝 芻苌醼
呓 腩ㄹ㤲 鑎腪 㐵⸳ ㌰⸶ ㈮ ㄳ⸳ 㠮〠





呓 腩ㄹ㤰 鑎腪 ㌵⸱ ㌳⸲ ㈰⸷ ㄰⸸
乏 腩ㄹ㤰 鑎腪 㜳⸳ ㌮ ㈲⸸










































































































銐腆誷蹚苌諮苉苈苩鏺陻苌 GDP腩襾镜躦腪腁鏺闄苌迁铯軒閨覿苍腁IMF,  International Financial 
Statistics 芩苧苆苁芽腂諂讫荦腛荞苍腁諂讫銡腷鏺陻苌釥譃覘郵迳讵腸腁腷諂讫鎝豶靶鞗腸詥鑎趆苉苦
苩腂醪鋨鉮鍟苍郧釣鍣详腁遖轨详苅鑎諔閽诏鉬腂SPM(閂靖鞱蹱迳閨躿)苌諂讫諮辀苍 1972 鑎苉邧鋨
芳苪芽苌苅腁芻苪裈酏苌諏醪鉬苍苈芢腂 SO2苍 1ppm膁2860菊g/m3N苅腁 NO2苍 1ppm=2050菊g/m3N
苅詥腘誷蹚芵芽腂 
鏺陻裈詏苌諂讫荦腛荞苆辊鎾邅辀苍腁 World Bank腁 World Development Indicators 1999 苉苦苨腁



























裭腅鎡跨邬辺闒腁腷詊钭苆諂讫  荁荗荁腵遖邬銷貗腶苌觛釨腸腁 荁荗荁豯跏貤讆辊 
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